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Small GTP-binding proteins belonging to the Ras uperfamily have been found in evolutionarily divergent organisms. Here, WC report he isolation 
and analysis of a cDNA encoding aputative small GTP-binding protein, designated Rhnl. from the plant, Nicoriutlap~atnbagginijblia. The 21 .I-kDa 
protein I*:Is 60% amino acid similarity with the mammalian RabS proteins. The Rhnl protein is encoded by a small multigene family. Northern 
analysis shows the highest steudy-state mRNA levels to be in roots and flowers. Furthermore, the Rhnl protein has 80% amino acid similarity 
with an Arubidopsis small GTP-binding protein, designated Rhal. 
GTP-binding protein; Protein secretion; ruc~s gene expression; Nicotiuna phmrbugitttfi~ia 
1. INTRODUCTION novel small GTP-binding protein from Nicotiarr~ plum- 
buginifolin, Rhnl. 
Sequence comparison of proteins belonging to the 
Ras superfamily revealed several regions of high homol- 
ogy. These regions are known to interact with GTP and 
to be involved in hydrolysis of the bound GTP to GDP 
PA. 
2. MATERIALS AND METHODS 
3.1 I Ofigigadeo.rynuc~eotide syttrhcsis uttd hbeliiltg; cottstrucrion and 
screcnitrg of the cDNA library 
One particular class of small GTP-binding proteins, 
belonging to the so-called Ypt or Rab subfamily, are 
thought to play a key role in vesicular-mediated protein 
transport (for review, see [3]). For example, protein 
transport studies in yeast indicate that the Yptl protein, 
which is localized in the Golgi apparatus, is essential for 
vesicular transport of proteins from the endoplasmic 
reticulum to the Golgi complex. In mammals, evidence 
is accumulating that each transport step between differ- 
ent compartments of the secretory pathway requires a 
specific GTP-binding protein. Specific small GTP-bind- 
ing proteins have been found associated with the endo- 
plasmic reticulum (Rabl), the post-endoplasmic reti- 
culum and the pre-Golgi compartment (RabZ), different 
parts of the Golgi apparatus (Rab6), the plasma 
membrane (RabS), early (Rab5, Rab4), and late en- 
dosomes (Rab7) [3]. 
The oligonuclcotide used to screen the N. piurnbaglttiJolia cell 
suspension cDNA librnry [S] contains deoxyinosines at ambiguous 
codon sites and has the sequence GAIATICTIGAIACIGCIGGICAI- 
GAIGAITAITCIGCITAG. 
2.2. Northern uttd Sottrhcrtt mdysis 
Both DNA and RNA gel blot analyses were performed as described 
[91# 
Flowering N. phmtbugit~tJ3u plants grown in greenhouse condi- 
tions (IB h light/8 h dark at 22°C and 70-80% humidity) were used 
as a source for nucleic acid preparation. 
3. RESULTS AND DISCUSSION 
3.1, lsolarion of rhe rhnl cDNA clone and sequence anal- 
ysis 
All Ras-related proteins identified until now share 
In contrast o the extensive knowledge on GTP-bind- 
ing proteins in yeast and mammals, virtually no in- 
formation is available on such proteins in plants. Until 
now only four plant genes or cDNAs encoding small 
GTP-binding proteins have been described [4-71. In this 
paper we describe the analysis of a cDNA encoding a 
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several highly conserved amino acid regions involved in 
GTP binding [1, lo]. Therefore, we synthestid an oligo- 
nucleotide corresponding to the highly conserved 
‘DILDTAGQEEYSAM’ peptide sequence, and subse- 
quently used this oligonucleotide to screen a cDNA 
library of N. phnbaginifolia. The hybridization with 
5 x 10’ clones yielded one cDNA clone with an insert 
of 900 bp which will be further referred to as rlznl. The 
sequence of this cDNA clone is presented in Fig. 1. The 
sequence contains one continuous open reading frame. 
A comparison with members of other smail GT?-bind- 
ini: proteins clearly indicates that the methionine at nu- 
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1 ATGCCATCCAGTAGTCACM~T~~~~~C~rA~~A~C~~~GGAG~~ 
HASSSHNNLNAKLVLLGDNGAG 22 
67 ~T~~~LG~~~RA~CGTCMGGGCCAG~CCTTGG 
rVKGQFLEFQESTIG 44 
133 GCAGC'ITTCTTl-TCGTCTACGCTGGCAGlTAATAATGCTACAGTGhAGTTTGAGATATGGGATACT 
AAFFSSTLAVNWATVKFEIYDT 66 
199 GCn;CACAGCAGAGGTACCATAGCTTAGCGCCTATGTA~ATAGAG~GCCGCTGG~CTA~A~ 
AGQERYHSLAPMYYRGAAAAII 88 
265 CTCTATGATATCACTAGCTCGGATTCA~CMGGG CAMMMTGGGTGCAAGAATTGCAGAAG 
V YD I T S S D S FAR AKKWVQE LQ K 110 
331 CMGGTAATCCTAACATGGTCATGGCTCTTGCTGG~CMMXTGATCTAGMGATAGAAGGAAG 
Q G N P N MVMALA G NKADL ED RR K 132 
397 GTTACTGCAGMGAGGCACGC'ITGTATGCTGAGGAAAATGGTCTCTTWl'CATGGAGACCTCTGCC 
V T A 3 EAR LYA E E N GLFFHE T S A154 
463 AMtiCTGCTGTGAATGTCAATGCTATTTT~ATGAAATAGCTAMCGGTTGCCTAGAGCT~CCT 
KTAVNVNA I FYE IAKRLPRAQ P 176 
529 GCTCAAIIATCCAGCAGGAGG~C~AGACISCACCAC 
AQN P AGM V L V DR AA EC TR A TS C 198 
595 TGTACTTAAAATTehCCA1"rOTTCATAAATTCATTAAA 
CT 
661 ~GTTC~CGTGTTAAACATGAMGT~CGAAATGGGAGTAGCAn;GTTCAGTAGGAGATAGAGAG 
200 
727 CAAGCCGTTGTAAGGAAGCCCCTGAACCTGAAGTCATGCTCCTTGlTTCITTAGTTTTTTC~ATTT 
793 TGCATAGMTATGTMGCTAT~A~~AGMGCTCCCT 
859 CCC 
Fig. 1. Complete DNA sequence of the cDNA clone, rl~ni, from N. plu~nbugin~filiu. 
cleotide position l-3 is the most probable start codon. 
Furthermore, the first amino acids are identical to the 
N-terminal amino acid sequence of an Arubidopsis small 
GTP-binding protein, Rhal, that we have recently char- 
acterized using the same strategy [6]. The overall per- 
centage homology between Rhnl and the Rhal amino 
acid sequence is 79% with the C-terminal end of both 
sequences being the most diverged part. As such the 
rhnf cDNA insert encodes a protein of 200 amino acids 
with a calculated molecular weight of 21.8 kDa. Per- 
centages of homology between Rhnl and other 
members of the Ras superfamily range from 28 to 60% 
at the amino acid level. The highest homology was 
found with the Ypt(Rab) family and more specifically 
with the Rab5 protein, identified in dog and humans 
[ 11,121. An alignment of Rhnl with GTP-binding 
proteins belonging to the Ypt(Rab) family is presented 
in Fig. 2. 
The fact that Rhnl has a large overall homology with 
Rab5 and that the effector domain of Rhnl (amino 
acids 37-49) and RabS are completely identical, indi- 
cates that Rhnl could be the functional counterpart of 
Rab5 in plants. This would implicate a role for Rhnl 
in endocytosis. However, the process of vesicle- 
mediated endocytosis in plants remains unclear. Despite 
observations that higher plants contain coated vesicles 
[13] and can internalize tracer molecules [14,15], the 
evidence for receptor- mediated endocytosis has been 
insufficient o substantiate the process. 
MB----------BBhllRlM 
AAarpmtfpnppntgmuaq ? 
AM----------8ORXlliM 
mm----------mpmm 
I-------------llrpTD¶XP 
A-------------In-HwLP 
HA---------------tHLF 
Fig. 2. Alignment of members of the Ypt(Rab) family. Conserved amino acids arc boxed. 
at least two sequences. 
Amino acids indicated with a capital are conserved in 
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Fig. 3, Southern blot analysis of N. plwnbag&ti/olka genomic DNA. 
3.2. Southern analysis reveals that the rhnl gene is part 
of’ a small mu:tigene family 
To determine whether the rhnf gene is unique in the 
IV. plumbaginifolia genome a HindIIIISstI fragment 
containing the 5’ end of the coding sequence (450 bp) 
was hybridized to different restriction digests of ge- 
nomic DNA of N. plumbaginifolia. The rcsuit of this 
hybridization is presented in Fig. 3. Using the restric- 
tion enzymes HindHI, EcoRI, BgfII and BarnHI, which 
do not cut within the 450-bp region, 4-6 hybridizing 
bands per digests could be observed. PstI does cut 
within this 450-bp fragment and yields four hybridizing 
bands. These data clearly indicate that there are at least 
3-4 genes for Rhal -homologous proteins present in N. 
piumbaginnifolia. 
3.3. 7’he rhnl gene is diJferentiaHy expressed in N. 
plumbaginifolia 
The levels of rhnl steady-state RNA in different 
organs of N. plumbaginifolia was determined by RNA 
gel blot hybridizations. As can be seen in Fig. 4 an 
abundant ranscript of approximately 1 kb and a very 
weak band of higher molecular weight (1.4 kb) was 
detected in the RNA of roots and flowers. The 
transcript is about &fold and 15.fold less abundant in 
stem RNA and leaf RNA, respectively. At this stage we 
cannot rule out the possibility that highly related 
mRNAs might cross-hybridize with the same probe. 
The differential expression pattern of rhn! could reflect 
the relative abundance of specific cell types in which 
there is a need for the presence of Rhnl protein. For 
example, the process of endocytosis, in which rhnl 
could play a role, has been demonstrated in root hairs 
[!Q] and this correlates well with the expression of the 
Rhnl protein. 
,‘l.Lkb 
Fig. 4. Northern blot analysis of totaI RNA from leaves, inilo- 
rescences, tems and roots of N. plumbaginifolia. 
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